The Investigation of light-stability of color proofing materials by Kim, Kyu
Rochester Institute of Technology
RIT Scholar Works
Theses Thesis/Dissertation Collections
2-1-1998
The Investigation of light-stability of color proofing
materials
Kyu Kim
Follow this and additional works at: http://scholarworks.rit.edu/theses
This Thesis is brought to you for free and open access by the Thesis/Dissertation Collections at RIT Scholar Works. It has been accepted for inclusion
in Theses by an authorized administrator of RIT Scholar Works. For more information, please contact ritscholarworks@rit.edu.
Recommended Citation
Kim, Kyu, "The Investigation of light-stability of color proofing materials" (1998). Thesis. Rochester Institute of Technology. Accessed
from
The Investigation of Light-stability of Color Proofing Materials
by
Kyu Kim
A thesis project submitted in partial fulfillment of the
requirements for the degree ofMaster of Science in the
School of Printing Management and Sciences in the College
of Imaging Arts and Sciences of the
Rochester Institute of Technology
February 1998
Thesis Advisor: Professor Frank Cost
School of Printing Management and Sciences
Rochester Institute of Technology
Rochester, New York
Certificate of Approval
Master's Thesis
This is to certify that the Master's Thesis of
Kyu Kim
With a major in Graphic Arts Publishing
has been approved by the Thesis Committee as satisfactory
for the thesis requirement for the Master of Science degree
at the convocation of
February 1998
Thesis Committee:
Frank Cost
Thesis Advisor
Marie Freckleton
Graduate Program Coordinator
C. Harold Gaffin
Director or Designate
Title of Thesis: The Investigation of Light-stability of Color Proofing
Materials
I, Kyu Kim, hereby, grant permission to theWallace Memorial Library of R.I.T.
to reproduce my thesis in whole or in part. Any reproduction will not be for
commercial use or profit.
Date: February 1998
Acknowledgments
I wish to thank Frank Cost, Jim Reilly, and all the friends in IPI.
in
Table of Contents
List of Figures vi
Glossary vii
Abstract ix
Chapter 1 Introduction 1
Chapter 2 Literature Review 4
Chapter 2 Endnotes 6
Chapter 3 Hypothesis 7
Chapter 4.0.0. Procedures and Test Equipment 8
4.1.0. Target Image Capturing 8
4.2.0. Processing Stations 8
4.2.1. Power Macintosh 7600 8
4.2.2. Macintosh Quadra 840AV 9
4.2.3. Macintosh 950 9
4.2.4. IBM Compatible Acer Pentium 166MHZ 9
4.3.0. Processing Software 9
4.4.0. Output Devices 10
4.4.1. Chromagenic Prints 10
4.4.2. Heidelberg Speedmaster 72SP+L 10
4.4.3. Iris Smartjet 4012 10
4.4.4. Hewlett-Packard 820 CSE inkjet 10
4.4.5. Hewlett-Packard Color Laser Printer 5M 10
4.4.6. Fuji Pictrography 3000 1
4.4.7. Canon Color Laser Copier 500 with an EFI Fiery RIP 1
4.4.8. 3M Rainbow 2710 Color Proofing System 1
4.4.9. Epson Stylus Pro Inkjet 1
4.5.0. Paper 1
4.6.0. Sensitometric Exposure 12
4.7.0. Densitometry 13
4.8.0. Definition of Density Terms 13
IV
Chapter 5.0.0. Lightfastness Tests 14
5.1.0. General 14
5.2.0. Numbers of Samples 15
5.3.0. Backing of Test Samples during Lightfastness Tests 15
5.4.0. Test Conditions 16
5.5.0. 10.0 klux "CoolWhite" Fluorescent Lamps 16
5.6.0. Data Collection 17
5.7.0. Data Analysis 17
Chapter 6.0.0. Results and Conclusions 19
6.1.0. General 19
6.2.0. DataAssembly Procedures 19
6.3.0. Reporting the Results 20
6.3.1. Chromagenic Prints 21
6.3.2. Heidelberg Speedmaster 72SP+L 21
6.3.3. Iris Smartjet 4012 21
6.3.4. Hewlett-Packard 820 CSE inkjet 22
6.3.5. Hewlett-Packard Color Laser Printer 5M 22
6.3.6. Fuji Pictrography 3000 23
6.3.7. Canon Color Laser Copier 500 with an EFI Fiery RIP 23
6.3.8. 3M Rainbow 2710 Color Proofing System 23
6.3.9. Epson Stylus Pro Inkjet 24
6.4.0. Conclusions 24
6.5.0. Recommendation for Further Study 25
Appendix A Equation for Interpolation 26
Appendix B Original Raw Data from All Color Patches 28
Appendix C Interpolated Data 68
Appendix D Averaged Density, Standard Deviation, Percent Density 88
Appendix E Equation for Standard Deviation 99
Appendix F Graphs for Each Printing System 101
Appendix G Compared Tables and Graphs 112
Appendix H Equation and Results of F-test 122
Appendix I Equation and Results of Student's f-test 125
Bibliography 143
List of Figures
Figure 1. Test Target for Chromagenic Prints 12
Figure 2. Test Target for All Other Output Devices 12
VI
Glossary
Cool White fluorescent lamp is a fluorescent light source, typically having its color
temperature between 4000 K and 4500 K, in which light and ultraviolet radiation are
produced by electricity flowing through mercury vapor. Phosphors on the inside surface
of the tube convert the ultraviolet radiation to light. The color quality of the light varies
with the types ofphosphors used {Encyclopedia ofPhotography, Third Edition, p. 317).
Enclosure Effect is a density difference between framed print materials and non-framed
print materials after long period ofdisplay under typical indoor illumination. Usually
non-framed print materials fade much more because the glass or plastic sheets of the
frame absorbs UV radiation from the illumination, which can be a potential factor of light
fading for some prints {American National Standardfor ImagingMedia-Densitometry
IT9.9-1990, American National Standard Institute, p. 26).
Kodak LVT is a digital image recorder producing high-resolution continuous-tone
images on transparency films, color and black-and-white negative films, and
photographic papers. The system is designed for use in a range ofdemanding imaging
environments including high-volume color laboratories, service bureaus, creative design
studios, and remote sensing sites (from Kodak website. Its URLs is
"http://www.kodak.com").
Vll
Standard deviation is ameasure of the average deviation ofdata values from the sample
mean. The standard deviation is equal to the square root of the variance {Statistical Tools,
BBN Software Products, p.7).
2 2
F-test is the sampling distribution for the variable c / c {Encyclopedia ofStatistical
Sciences, Volume 3, p.252).
Student's f-tests are used to make inferences from small samples and usually involve
applying significance tests to hypotheses concerning population means {Encyclopedia of
Statistical Sciences, Volume 9, p.43).
vm
Abstract
Lightfastness is the permanence of a photograph, or any colored material, under the
influence of light {Encyclopedia ofPhotography, Third Edition, p 438). Thus the
lightfastness test is an investigation ofchanges, mainly in terms ofdensity, of any colored
materials due to light.
From accelerated light-stability tests, information about the light stability of color
prints can be obtained. To produce the desired amount of image fading, special light-
stability test units equippedwith high-intensity light sources, where test strips can be
exposed for days, weeks, months, or even years, are required. The temperature of the
samples and theirmoisture content must be controlled throughout the test period, and the
types of light sources must be chosen to yield data simulating those obtained under
conditions ofnormal use.
Many accelerated tests have been devised that attempt to simulate in only weeks and
months the fading that will occur during many years ofnormal display and storage. High-
intensity light-stability tests expose a photographic print to light that is many times
brighter than normal indoor illumination levels, speeding up the fading that would
gradually take place during manymonths, or years ofdisplay at normal indoor
illuminations.
IX
This test is intended to simulate normal office illumination situations. Fluorescent
lamps, which generally provide more intense illumination than tungsten lamps, are
usually the primary source of illumination in offices and public buildings. When
fluorescent lamps are present, they may contribute significantly to the fading of displayed
prints.
Printers, publishers, photographers, and other consumers need to know the stability
characteristics of a color material before they purchase it in order to select the most stable
color material and proofing device available.
The purpose of this thesis project is to investigate the light-stability of four prepress
proofing outputs including dye-sublimation, silver-halide/dye-diffusion,
electrophotography, and ink-jet, with traditional chromagenic color photography prints,
and regular CMYK four color sheetfed lithographic prints under fluorescent illumination.
Through an accelerated lightfastness test, the differences in light-stability between
conventional color prints and other color printing processes were found out. Thus the
thesis project resulted in the rejection of the hypothesis for all given color printing
systems.
Chapter 1
Introduction
Light-stability is the permanence of a photograph, print, or any colored material, under
the influence of light. Thus the light-stability test is an investigation of changes, mainly in
terms ofdensity, of any colored materials due to light.
From the viewpoint of lightfastness, current color materials vary over a wide range,
with some materials being farmore stable than others. The period of time that such color
materials are to be kept can vary from a few days to many hundreds ofyears, and the
importance of image stability against light fading can be correspondingly small or great.
In most applications (projected color slides and billboards displayed outdoors in direct
sunlight are notable exceptions), modern color materials fade too slowly to evaluate their
light-stability characteristics within a reasonable time under the non-accelerated
conditions ofnormal display. Many years or decades of "natural aging" would be
required before meaningful data could be obtained with most current color materials, and
by that time the informationwould be of little value to most people.
The methods of testing light-stability in this experiment are based on the concept that
increasing the light intensity without changing the ambient temperature and relative
humidity should produce a proportional increase in the light fading of color materials that
occur at typical viewing or display conditions, without causing any undesirable side
effects.
Numerous accelerated light-stability tests have been devised that attempt to simulate in
only weeks or months the fading that will occur during many years ofnormal display and
storage. High-intensity light-stability tests expose a print to light that is many times
brighter than normal indoor illumination levels, speeding up the fading that would
gradually take place during many months, or years of display at normal indoor
illuminations.
Cool White fluorescent lamps are specified for this test. Other types of fluorescent
lampsmay be used to simulate a particular display condition: However, to simulate office
illumination, only data obtained from tests using Cool White lamps will be acceptable in
this thesis project. To simulate display situations where prints are subjected to direct bare-
bulb fluorescent illumination, the glass sheet will be omitted.
Before they purchase it in order to select the most stable colormaterial available,
printers, publishers, photographers, and other consumers need to know the light-stability
characteristics of a color material. In particular, the demand for light-stability
characteristics ofproofing devices is increasing, because they are becoming more and
more important in graphic arts industry.
However, helpful data is scarce regarding the light-stability characteristics ofproofing
devices and colormaterials, this thesis project originated from the idea ofproviding some
general data on light stability characteristics ofproofing devices and colormaterials to
the people in the graphic arts industry.
The purpose of this thesis project is to investigate the lightfastness of four prepress
proofing outputs including dye-sublimation, silver-halide/dye-diffusion,
electrophotography, and ink-jet, with a traditional chromagenic color photography print,
and a regular CMYK four color sheetfed lithographic print under a fluorescent
illumination situation.
The accelerated light-stability test methods described in this thesis project are valid at
the specified accelerated light-stability test conditions but theymay not be reliable to
predict the behavior of a given product in long-term display at normal conditions based
upon the result of this experiment.
Chapter 2
Literature Review
There are few references regarding light-stability testing, but one of the most influential
texts is The Permanence and Care ofColor Photographs by Henry Wilhelm. It has very
detailed information on diverse photographic papers and films. Most major color
photographic materials are reviewed and are graded in terms of their light and dark
stabilities. Wilhelm also participated in the creation ofANSI IT9.9-1990 as a secretary of
the team. This book is very helpful in understanding the basic facts of light-stability
testing.1
American National Standardfor ImagingMedia-Lightfastness IT9.9-1990 by American
National Standards Institute is aimed at establishing a basic standard for light and dark
stability of color photographic materials. It includes light-stability data for these materials
under incandescent tungsten, fluorescent, xenon arc, and halogen illuminations. It covers
in detail the setting up of correct testing environments. The Standard IT9.9-1990 gives
complete information on setting up light-stability
test.2
Encyclopedia ofPhotography by Leslie Stroebel covers a variety of subjects related to
the graphic arts industry. It covers the field of graphic arts from the earliest beginnings of
photography to the advanced technologies of the 1990s. It is a very helpful source of
auxiliary information on light-stability
testing.3
American National Standardfor ImagingMedia-Dens itometry PH2. 1 7-1989 by
American National Standard Institute provides a guidance in using a densitometer. It
covers in detail the calibrating, maintaining, and use of a densitometer. This Standard is
useful to make an accurate and stable densitymeasurement in light-stability
tests.4
No published studies exist comparing the light-stability of color prints from the major
digital printing processes.
Chapter 2 Endnotes
1 . HenryWilhelm, The Permanence and Care ofColor Photographs. (Grinnel. IA:
Preservation Publishing Company, 1993)
2. American National Standard Institute,American National Standardfor Imaging
Media-Densitometry IT9.9-1990. (New York: American Standard Institute, 1990)
3. Leslie Stroebel, Encyclopedia ofPhotography. (Boston: Focal Press, 1993)
4. AmericanNational Standard Institute, American National Standardfor Imaging
Media-Densitometry PH2.17-1989. (New York: American Standard Institute, 1989)
Chapter 3
Hypothesis
The hypothesis of this thesis project is that every sample image which shall be used in
this light-stability test shall have the same amount of light-stability in cyan, magenta,
yellow, and black colorants as conventional photographic color prints. Any differences of
light-stability from CMYK colorants of conventional photographic color prints shall
result in the rejection of the hypothesis for a given color printing system. All the specific
differences in lightfastness between conventional photographic color prints and other
tested color printing processes will be reported in Chapter 6.
Chapter 4
Procedures and Test Equipment
4.1 Target image capturing
Two test targets will be needed for this thesis project. The first one is a CMYK digital file
which shall be obtained from Image Permanence Institute at Rochester Institute of
Technology. Its file size shall be 2.5MB and Tagged Image File Formatted. Its image size
shall be 7.5-inches x 0.85-inches, and spatial resolution shall be 300 dots per inch. This
file will be used to output to Kodak Professional color paper.
The second CMYK digital test target file shall be obtained from HenryWilhelm and
Preservation Publishing Company. Its file size shall be 3.72MB and Tagged Image File
Formatted. Its image size shall be 3.6-inches x 3.0-inches, and spatial resolution shall be
300 dots per inch. This test target will be produced on all the output devices listed in 4.4.
except the chromagenic prints mentioned above. The VerbatimMagneto Optical 128MB
diskette forMacintosh will be used to store the file.
4.2 Processing station
4.2. 1 PowerMacintosh 7600
A Power Macintosh 7600 in the Electronic Prepress and Publishing Laboratory
at Rochester Institute ofTechnology will be used to output to the 3M Rainbow
dye-sublimation, Canon Color Laser Copier, and Epson Stylus Inkjet proofing
devices.
4.2.2 Macintosh Quadra 840AV
AMacintosh Quadra 840AV in the Gannett Laboratory at Rochester Institute of
Technology will be used to output to the Hewlett Packard Color Laser Printer at
Image Permanence Institute at Rochester Institute ofTechnology, and an Iris
inkjet at Electronic Publishing and Printing Technology Laboratory at National
Technical Institute for the Deaf at Rochester Institute ofTechnology.
4.2.3 Macintosh 950
A Macintosh 950 will be used to output to the Fuji Pictrography 3000 in the
Electronic Photography Laboratory at Rochester Institute ofTechnology.
4.2.4 IBM Compatible Acer Pentium 1 66MHZ
An IBM Compatible Acer Pentium 166MHZ will be used to output to the
Hewlett-Packard inkjet at Image Permanence Institute at Rochester Institute of
Technology.
4.3 Processing Software
QuarkXpress, a document layout application, will be used to put together test target
images on the same page.
4.4 Output devices
The ink sets that will be used for these output devices are all typical common ink sets.
The ink sets will not be modified in any way..
4. 4. 1 Chromagenic prints
The target file will be transferred to a 4-inches x 5-inches color negative films
through a Kodak LVT digital image recorder at Chromagen, a local imaging
service bureau, and then reproduced on the Kodak Professional color paper.
4. 4.2 Heidelberg Speedmaster 72SP+L
The target file will be separated into CMYK films on the Agfa SelectSet 5000 in
the Electronic Prepress and Publishing Laboratory at Rochester Institute of
Technology, and then reproduced on a four color (CMYK) sheet-fed Heidelberg
Speedmaster 72SP+L lithographic machine in the Lithographic Laboratory at
Rochester Institute ofTechnology.
4.4.3 Iris Smartjet 4012
An Iris Smartjet 4012 in the Electronic Publishing and Printing Technology
Laboratory at National Technical Institute for the Deaf at Rochester Institute of
Technology will be used.
4.4.4 Hewlett-Packard 820 CSE inkjet
A Hewlett-Packard 820 CSE inkjet at Image Permanence Institute in Rochester
Institute ofTechnologywill be used.
4.4.5 Hewlett-Packard Color Laser Printer 5M
A Hewlett-Packard Color Laser Printer 5M which employs electrophotographic
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technology at Image Permanence Institute at Rochester Institute ofTechnology
will be used.
4. 4. 6 Fuji Pictrography 3000
Fuji Pictrography ,which employs silver-halide/dye-diffusion technology, in the
Electronic Photography Laboratory at Rochester Institute ofTechnology will be
used.
4. 4. 7 Canon Color Laser Copier 500 with an EFI Fiery RIP
A Canon Color Laser Copier, which employs electrophotographic technology in
the Electronic Prepress and Publishing Laboratory at Rochester Institute of
Technologywill be used.
4.4.8 3MRainbow 2710 Color Proofing System
A 3MRainbow 2710 Color Proofing System which employs dye-sublimation
technology in the Electronic Prepress and Publishing Laboratory at Rochester
Institute ofTechnology will be used.
4.4.9 Epson Stylus Pro Inkjet
An Epson Stylus Pro Inkjet in the Electronic Prepress and Publishing Laboratory
at Rochester Institute ofTechnology will be used.
4.5 Paper
For the Hewlett-Packard Color Laser Copier, Hewlett-Packard 820 CSE inkjet, Epson
Stylus inkjet, and CMYK lithography, Warren Somerset Gloss paper (60 lb) will be used.
The other output devices will use their own company-manufactured papers for output.
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4.6 Sensitometric exposure
The chromagenic material will be exposed and processed in accordance with the
manufacturer's recommendations to obtain areas (patches) of uniform density at least 1
cm x 1 cm. Other sample materials will be processed to obtain CMYK color patches of
uniform density at least 1 cm x 1 cm. The test target for the conventional color
photograph is illustrated in Figure 1. The test target for all other output devices is
illustrated in Figure 2.
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Figure 1. Test Target for Chromagenic Prints
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Figure 2. Test Target for All Other Output Devices
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To simplify the preparation of test samples and the handling ofdata, it is required to
measure the changes in color densities inminimum density areas (dmin), and in a density
of 1.0 above dmin. For the samples which can not satisfy the starting density 1.0 above
dmin, the highest common densities (closest to 1.0 above dmin) will be used.
These density changes of color patches will be monitored in neutral areas as well as in
areas selectively exposed to produce the purest possible cyan, magenta, and yellow dye
scales. These density readings will be made with the aid of appropriate filters. The
desired densitymay be obtained from a single precise reading from color step tablets.
Alternatively, if it is more convenient, the starting density of 1.0 above dmin may be
interpolated from other densities (The equation for interpolation will be described in
Appendix A).
4.7 Densitometry
Reflection density DR will be measured.
4.8 Definition of density terms
d is a symbol indicating the measured density.
13
Chapter 5
Lightfastness Tests
5.1 General
Because of the reciprocity law failure, accelerated light-stability tests for predicting the
behavior of color prints under normal display conditions may be complicated. With
regard to dye fading due to light, reciprocity failure refers to the failure ofmany dyes to
fade equally when exposed to high-intensity versus low-intensity light, even though the
total light exposure (intensity x time) is kept the same. The total amount ofdye fading
can be larger or smaller under accelerated conditions. This depends on the dye
degradation, on the kind ofdye dispersion, on the nature ofbindermaterial, and on other
variables.
Fluorescent lamps, which generally provide more intense illumination than tungsten
lamps, are usually the primary source of illumination in offices and public buildings, and
are increasingly found in homes {American National Standard IT9.9-1990, p.5). When
fluorescent lamps are present, theymaymake a significant contribution to the fading of
displayed prints.
The illumination level of 10.0 klux specified for fluorescent room illuminationwill be
chosen because it is of sufficient intensity to produce meaningful results within a
reasonable length of time withmost color materials. It would be more meaningful to
14
design tests performed with illumination levels that more closely approximate normal
indoor display conditions (e.g., 0.6 klux), but it would take many months or even many
years of test periods formost materials .
It has been found that whether the prints are framed (enclosed under glass or plastic
sheets) or unframed (open to air) can have a significant effect on rates ofdye fading,
when certain types of color prints are displayed for long periods {American National
Standard IT9. 9-1990, p.5). Thus all the color prints for this experiment will be unframed
to prevent "enclosure effect."
5.2 Number of samples
Two identical samples are required for each of the tests to be performed. The density
changes from these two samples will be averaged to give more consistency for each test.
5.3 Backing of test samples during light-stability tests
Prints will be backed with a non-reactive and non-yellowing beige color 100 percent acid
and lignin-free mount board. In high-intensity tests, where thermal heating of the sample
and backing material may be significant, it is essential that temperature and relative
humidity specifications be maintained. High-velocity forced-air cooling is required to
maintain the proper temperature and relative humidity in the samples.
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5.4 Test conditions
The surface temperature of the sample plane shall be 19C (1.5C), maintained by an
adequate airflow across the samples; the ambient relative humidity shall be 62.5 percent
(3 percent).
5.5 Fluorescent room illumination 10.0 klux "CoolWhite" fluorescent lamps
Because of their low cost and high energy efficiency, standard single-phosphor Cool
White fluorescent lamps will be employed for this test, which is a short term, high-
intensity test with an illumination intensity at the sample plane of 10.0 klux. Cool White
lamps are by far the most common type of fluorescent lamps worldwide (Wilhelm,
p. 104). The test will be conducted in a temperature-and humidity-controlled room.
Because of the heating effect of the fluorescent lamps in the high-intensity 10-klux test
(the fluorescent lamps are only about 9.5 inches away from the sample plane), high-
velocity forced-air cooling is required to maintain the proper temperature and relative
humidity in the sample images.
For a variety of reasons, fluorescent illumination has become the standard light source
for accelerated light-stability tests. Fluorescent lamps provide fairly high-intensity
illumination with relatively little heat, making it easier to maintain the proper temperature
and relative humidity in accelerated test equipment. Especially when they are compared
with daylight-simulating xenon arc light sources, fluorescent lamps provide stable,
energy-efficient, evenly distributed, and low cost illumination. More importantly,
fluorescent lamps are by far the most common light sources in offices, schools,
16
commercial stores, and public buildings (Wilhelm, p.l 1 1).
There are many types of fluorescent lamps (e.g., Cool White, Warm White, Daylight,
etc.), all ofwhich have different spectral energy distributions. However, according to the
General Electric Company, more than 70 percent of the fluorescent lamps in the U.S. are
of the Cool White type (Wilhelm, p.l 12), and, for this reason, Cool White lamps will be
used in this thesis project light stability experiment.
To simulate display situations where prints are subjected to direct bare-bulb fluorescent
illumination, the glass sheet will be omitted.
TheAmerican National Standard Institute IT9. 9-1990 suggests that one-halfof the
lamps be replaced after each 2000 hours ofoperation of test equipment (New York,
AmericanNational Standard Institute).
5.6 Data collection
The density changes will be measured on a weekly basis. An X-rite photographic
densitometer at Image Permanence Institute at Rochester Institute ofTechnologywill be
used to measure the density changes from every sample image.
5.7 Data Analysis
The percent density change from the original density in CMYK colorants of conventional
photographic prints will be the criterion for accepting or rejecting the hypothesis. The
percent density changes of all other sample images will be compared to the percent
density change of conventional photographic prints in both tabular and graphic form. In
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addition to visual inspections, the student's Mests will be provided to give more
statistical accuracy to this thesis project. The student's Mests will be chosen because they
are the most appropriate statistical tests to tell whether the hypothesis will be acceptable
or not with a small number of samples.
Chapter 6
Results and Conclusions
6.1 General
This test started on July 9, 1997 and ended on August 27, 1997 at its seventh week.
Original densities were recorded before exposure and after test periods of seven, fourteen,
twenty-one, twenty-eight, thirty-five, forty-two, forty-nine, and fifty-six days. Tests were
performed in a fluorescent light-fading unit at Image Permanence Institute at Rochester
Institute ofTechnology. The sample materials were continuously exposed to 10.0 klux
illumination for seven weeks. Considering the office average illumination intensity of
3,686 lux (Wilhelm, p.82), the illumination intensity for the test was 2.7 times stronger
than the normal office illumination intensity. The total light exposure during the seven-
week test period was equivalent to 1 1,760,000 lux-hours. Temperature and ambient
relative humidity were maintained at 19C (1.5C) and 62.5 percent (+3 percent).
6.2 Data Assembly Procedures
First, density measurements were taken from all color patches of cyan, magenta, yellow
and black colorants in each of two test targets (the original raw data is described in
Appendix B). Second, the starting density point 1.0 above dmin or the highest common
densities (closest to 1 .0 above dmin) were chosen from the collected raw data. For
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convenience, the starting density of 1 .0 above dmin was often interpolated from two
adjoining color patches; the density ofone patch was above 1.0 density above dmin and
that of the other was below 1.0 density above dmin (this interpolated data is available in
Appendix C). Third, the two sets of interpolated densities or the highest common
densities were averaged and then calculated to get the standard deviation and the percent
density changes (the averaged densities, the standard deviation, and the percent density
are presented in tabular form in Appendix D, and the equation for the standard deviation
is described in Appendix E). Fourth, the percent density changes of all CMYK colorants
of each proofingmethod ware presented in a graphic form (these graphs are described in
Appendix F). Fifth, the above CMYK percentage density changes from each proofing
method were compared to those of the conventional photographic print in both tabular
and graphic form (the compared tables and graphs are described in Appendix G). Sixth,
the F-test was executed to indicate whether or not these data are suitable for student's t-
test (the equation and the results ofF-test are described in Appendix H). Finally, the
student's r-tests were executed based upon the interpolated densities of the two samples
in the seventh week, showing the differences from the conventional photographic print
(the equation and the results of student's Mests are described in Appendix I).
6.3 Reporting the Results
The dmin changes usually show how the test procedures influenced the paper substrate.
However the dmin changes were so minimal in this lightfastness test that they will have
little importance in this report. The results ofF-test indicated that these data are suitable
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for student's r-test. All the datamentioned here were obtained after seven weeks of
exposure in the fluorescent light-fading test unit.
6. 3. 1 Chromagenic prints
The yellow colorant showed only 3 percent loss of original density indicating that
it is the most stable dye ofCMY colorants. The CMY-combined colorant which
lost 12 percent of original density, was the least stable one. It is also very
interesting to see that the CMY-combined colorant lost 9 percent oforiginal
density after seven days of exposure. Cyan and magenta colorants were fairly
stable dyes compared to other samples; they lost 4 and 10 percent oforiginal
density respectively. The standard deviation was very low.
6.3.2 Heidelberg Speedmaster 72SP+L
The most stable colorant was cyan which lost only 2 percent of original density.
Yellow colorant was the least stable one with a loss of 51 percent of original
density. Magenta and black colorants lost 15 and 4 percent of original density
respectively. The standard deviation was very low.
The results of the student's r-tests indicate that yellow and the black colorants
of lithographic samples are not identical to those of chromagenic samples, with a
confidence of 95 percent.
6.3.3 Iris Smartjet 4012
Cyanwas the most stable colorant,with a loss of4 percent of original density.Its
behavior was the most similar to that of the chromagenic samples. The least stable
colorant was yellow which lost 56 percent of original density. The magenta and
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black colorants were also very unstable; they showed 48 and 55 percent of
original density loss, respectively. The standard deviation was very low.
The results of student's Mests indicate that magenta, yellow, and black
colorants are not identical to those of chromagenic samples with a confidence of
95 percent.
6. 3.4 Hewlett-Packard 820 CSE inkjet
Black was the most stable colorantwith a loss of 1 percent oforiginal density.
Magenta was the least stable colorant with a loss of 53 percent oforiginal density.
Cyan and yellow colorants lost 23 and 34 percent of original density, repectively.
The standard deviationwas very low.
The results of the student's t-test indicate that cyan, magenta, yellow, and black
colorants are not identical to those of chromagenic samples, with a confidence of
95 percent.
6. 3. 5 Hewlett-Packard Color Laser Printer 5M
The samples from the Hewlett Packard color laser printer and the Canon color
laser copier outperformed everything else. Magenta was the most stable colorant
showing no loss oforiginal density. Cyan, yellow, and black colorants each lost 1
percent oforiginal density. The standard deviationwas very low.
The results of the student's Mests indicate that cyan, magenta, and black
colorants are not identical to those of chromagenic samples, with a confidence of
95 percent.
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6. 3. 6 Fuji Pictrography 3000
Yellow, which lost 14 percent of original density, was the most stable colorant.
Magentawas the least stable colorant with a loss of 23 percent oforiginal density.
Cyan and black colorants lost 18 and 20 percent oforiginal density, respectively.
The standard deviation was very low.
The results of student's Mests indicate that cyan, magenta, yellow, and black
colorants are not identical to those of chromagenic samples, with a confidence of
95 percent.
6.3. 7 Canon Color Laser Copier 500 with an EFI Fiery RIP
Like the samples from the Hewlett Packard color laser printer, the CMYK
colorants of the Canon color laser copier were also very stable. Cyan, and black
colorants showed no loss oforiginal density. Magenta, and yellow colorants lost 1
and 4 percent of original density, respectively. The standard deviation was very
low.
The results of student'sMests indicate that cyan, and black colorants are not
identical to those of chromagenic samples, with a confidence of 95 percent.
6. 3. 8 3M Rainbow 27 1 0 Color Proofing System
Magenta, which lost 26 percent oforiginal density, was the most stable colorant.
Yellow, which lost 67 percent oforiginal density, was the least stable colorant.
Cyan and black colorants lost 45 and 29 percent oforiginal density, respectively.
The standard deviation was very low.
The results of the student's t-tests indicate that cyan, magenta, yellow, and
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black colorants are not identical to those of chromagenic samples, with a
confidence of 95 percent.
6. 3. 9 Epson Stylus Pro Inkjet
Cyan was the most stable colorant with a loss of 1 1 percent of original density.
Magentawas the least stable colorant with a loss of 77 percent oforiginal density.
Yellow and black colorants lost 40 and 44 percent of original density,
respectively. The standard deviation was very low.
The results of the student's /-tests indicate that cyan, magenta, yellow, and
black colorants are not identical to those of chromagenic samples with a
confidence of 95 percent.
6.4 Conclusions
The hypothesis of this thesis project was that every sample image included in this light-
stability test would have the same amount of light-stability in cyan, magenta, yellow, and
black colorants as conventional photographic color prints. However differences in
lightfastness between conventional photographic color prints and other tested color
printing processes were found through visual inspection of tabular and graphic forms, and
the student's /-tests. Thus due to differences in light stability ofCMYK colorants of
conventional photographic color prints, as described above, the thesis project results in
the rejection of the hypothesis for all given color printing systems.
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6.5 Recommendation for Further Study
Dark-stability is the permanence of a coloredmaterial when it is kept in dark storage.
There are two main factors for dark-stability. One is the temperature and the other is the
relative humidity. If the high temperature is combined with the high relative humidity, it
will accelerate the chemical reactions that can lead to degradation of a colored material.
On the other hand, if the low temperature is combined with the low relative humidity, it
can prolong the life of a coloredmaterial.
To know the characteristics ofdark-stability is important as well as to know those of
light-stability.
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Appendix A
Equation for Interpolation
y = mx + b
y1-y2 = m(x,-x2)
yi-y
m=
x1 -x2
y - y2 = m(x - x2)
x = 1 .0 above dmin
y = mx - mx2+ y2
x2 = value of the observation
Xj = value of the observation
y2 = value of the observation
yx = value of the observation
Appendix B
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Appendix B
Original Raw Data from AH Color Patches
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Appendix D
Appendix D
Averaged Density, Standard Deviation, Percent Density Change
Chromagenic
Chroma- 1 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.9S 0.96 0.9E 0.9? 0.97 0.96 0.96
Magenta 1 0.9E 0.95 0.96 0.96 0.96 0.92 0.92
Yellow 1 1 0.97 0.9S 0.97 0.97 0.97 0.97
Black 1 O.S O.S O.S 0.8S 0.8S 0.8 0.8E
D-min 0.15 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Chroma- 2 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.9E 0.97 0.97 0.97 0.97 0.95 0.96
Magenta 1 0.96 0.94 0.92 0.94 0.92 0.8f. 0.88
Yellow 1 0.9S 0.97 0.9S 0.9S 0.9S 0.97 0.97
Black 1 0.92 O.S O.S 0.8!: O.S 0.8S 0.8E
D-min 0.15 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Average Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.9f 0.97!: 0.97 = 0.97 = 0.97 0.95!! 0.96
Magenta 1
0.9"
0.96 0.94 0.95 0.94 0.9 0.9
Yellow 1 0.99; 0.97 0.9S 0.9E 0.9? 0.97 0.97
Black 1 0.91 0.9 0.9 0.87 0.89; 0.88; 0.8E
D-min 0.15 0.14 0.14 0.14 0.14 0.14 0.14 0.14
STDEV Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 0 0 0.007071 0.007071 0.007071 0 0.007071 0
Magenta 0 0.014142 0.028284 0.028284 0.014142 0.028284 0.028284 0.028284
Yellow 0 0.007071 0 0 0.014142 0.014142 0 0
Black 0 0.014142 0 0 0.028284 0.007071 0.007071 0
D-min 0 0 0 0 0 0 0 0
% Density Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 100% 98% 98% 98% 98% 97% 96% 96%
Magenta 100% 97% 96% 94% 95% 94% 90% 90%
Yellow 100% 100% 97% 99% 98% 98% 97% 97%
Black 100% 91% 90% 90% 87% 90% 89% 88%
Lithography
Litho-1 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 0.9S 0.9S 0.9S 0.97 0.97
Magenta 0.9S 0.97 0.94 0.94 O.S
0.8"
0.84
Yellow 0.94 0.82 0.78 0.7 0.62 0.5; 0.45
Black 0.98 0.97 0.97 0.96 0.91 0.9! 0.9:
D-min 0.07 0.06 0.06 0.06 0.06 0.07 0.06 0.06
Litho-2 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1.01 0.9S 0.9S 0.9S 0.9S
Magenta 0.9 0.97 0.94 0.92 0.91 0.88 0.8!
Yellow 0.9! 0.81 0.8 0.72 0.6; 0.5E 0.5
Black 0.9E 0.9 0.9E 0.97 0.97
D-min 0.07 0.06 0.06 0.07 0.06 0.07 0.06 0.06
Average Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan l.oo; 0.9S 0.9S 0.99; 0.9E 0.98
Magenta 0.9S 0.97 0.94 0.935 0.90; 0.87; 0.84;
Yellow 0.94! 0.84 0/7! 0.7i; 0.63! 0.56! 0.4S
Black 0.9 0.98 0.97 0.97 0.96! 0.96 0.96
D-min 0.07 0.06 0.06 0.06 0.06 0.07 0.06 0.06
STDEV Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 0 0.00707] 0 0 0.00707] 0 0.01414; 0.014142
Magenta 0 0 0 0 0.007071 0.00707] 0.007071 0.007071
Yellow 0 0.00707] 0.01414; 0.01414; 0.02121] 0.02121] 0.021212 0.01414;
Black 0 0.014142 0.02121] 0.007071 0.02121] 0.02121] 0.01414; 0.01414;
D-min 0 0 0 0.007071 0 0 0 0
% Density Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 100% 101% 99% 99% 100% 100% 98% 98%
Magenta 100% 99% 97% 94% 94% 91% 88% 85%
Yellow 100% 95% 84% 79% 72% 64% 57% 49%
Black 100% 99% 99% 98% 98% 97% 96% 96%
Iris Inkjet
Iris 1 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 1 1 0.97
0.9" 0.97 0.96 0.96
Magenta 1 0.93 0.84 0.76 0.6S 0.63 0.56 0.52
Yellow 1 0.91 0.78 0.6S 0.62 0.5; 0.5 0.44
Black 1 0.92 0.83 0.74 0.66 0.58 0.5 0.45
D-min 0.08 0.08 0.07 0.08 0.0E 0.08
0.0" 0.07
Iris 2 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 1 0.9S 0.97 0.98 0.97 0.96 0.96
Magenta 1 0.92 0.84 0.76 0.7 0.62 0.57 0.52
Yellow 1 0.88 0.78 0.6E 0.6 0.5; 0.4S 0.43
Black 1 0.92 0.84 0.76 0.66 0.5S 0.5 0.44
D-min 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.07
Average Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 1 0.99; 0.97 0.97; 0.97 0.96 0.96
Magenta 1 0.93 0.84 0.76 0.695 0.63 0.565 0.52
Yellow 1 0.895 0.78 0.685 0.61 0.5; 0.495 0.43;
Black 1 0.92 0.835 0.7; 0.66 0.58; o.; 0.445
D-min 0.08 0.08 0.075 0.08 0.08 0.08 0.07 0.07
STDEV Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 0 0 0.007071 0 0.007071 0 0 0
Magenta 0 0 0 0 0.007071 0 0.007071 0
Yellow 0 0.021212 0 0.007071 0.014142 0 0.007071 0.007071
Black 0 0 0.007071 0.014142 0 0.007071 0 0.007071
D-min 0 0 0.007071 0 0 0 0 0
% Density- Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 100% 100% 100% 97% 98% 97% 96% 96%
Magenta 100% 93% 84% 76% 70% 63% 57% 52%
Yellow 100% 90% 78% 69% 61% 55% 50% 44%
Black 100% 92% 84% 75% 66% 59% 50% 45%
Hewlett Packard Inkjet
HP Inkjet 1 Oriqinal 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.9S 0.92 0.85 0.81 0.81 0.E 0.78
Maqenta 1 O.S 0.78 0.6S 0.61 0.55 0.4S 0.46
Yellow 1 0.94 0.85 0.81 0.76 0.73 0.68 0.64
Black 1 1 0.9S 0.98 0.98 0.9E 0.97 0.98
D-min 0.0E 0.0" 0.07 0.07 0.08 0.07 0.07 0.06
HP Inkjet 2 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.92 0.88 0.85 0.81 0.78 0.7" 0.75
Magenta 1 0.8S 0.8 0.71 0.64 0.58 0.52 0.4E
Yellow 1 0.9S O.S 0.85 0.81 0.76 0.72 0.68
Black 1 0.98 0.9S 0.98 0.9S 0.9E 0.9S 0.9S
D-min 0.07 0.07 0.06 0.06 0.08 0.06 0.06 0.06
Average Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.955 O.S 0.8; 0.81 0.795 0.785 0.765
Maqenta 1 0.895 0.7S 0.7 0.62; 0.565 0.505 0.47
Yellow 1 0.965 0.875 0.82 0.78; 0.745 0.7 0.66
Black 1 0.99 0.9S 0.98 0.985 0.98 0.9E 0.985
D-min 0.075 0.07 0.065 0.06; 0.08 0.065 0.065 0.06
STDEV Oriqinal 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 0 0.04949] 0.028284 0 0 0.02121] 0.02121: 0.02121]
Magenta 0 0.00707] 0.014142 0.014142 0.02121] 0.02121] 0.021212 0.014142
Yellow 0 0.035355 0.03535! 0.028284 0.03535! 0.02121] 0.028284 0.028284
Black 0 0.014142 0 0 0.007071 0 0.014142 0.007071
D-min 0.007071 0 0.007071 0.007071 0 0.00707] 0.007071 0
% Density Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 100% 96% 90% 85% 81% 80% 79% 77%
Magenta 100% 90% 79% 70% 63% 57% 51% 47%
Yellow 100% 97% 88% 83% 79% 75% 70% 66%
Black 100% 99% 99% 98% 99% 98% 98% 99%
Hewlett Packard Color Laser Printer
HP clp 1 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 1 1 1 1 1 0.9S 0.9S
Magenta 1 1.01 1.01 1 1 1 1 1
Yellow 1 1 1.01 1 1 1 1 0.9S
Black 1 1 0.9S 0.9S 0.9S 0.9S 0.98 0.98
D-min 0.07 0.0" 0.0" 0.06 0.08 0.07 0.06 0.06
HP clp 2 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.9S 0.9S 0.9S 0.9S 0.9S 0.98 0.98
Magenta 1 1.01 1.01 1 1 1 0.9S 1
Yellow 1 1 1 0.9S 0.98 0.9S 0.9S 0.98
Black 1 1 1 0.9S 1 1 0.9S 0.9S
D-min 0.07 0.07 0.07 0.07 o.os 0.07 0.06 0.06
Average Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.995 0.995 0.995 0.995 0.995 0.985 0.985
Magenta 1 1.01 1.01 1 1 1 0.995 1
Yellow 1 1 1.005 0.995 0.9S 0.995 0.995 0.985
Black 1 1 0.995 0.9S 0.995 0.995 0.985 0.985
D-min 0.07 0.07 0.07 0.065 0.085 0.07 0.06 0.06
STDEV Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 0 0.00707] 0.00707] 0.007071 0.007071 0.007071 0.007071 0.007071
Magenta 0 0 0 0 0 0 0.007071 0
Yellow 0 0 0.00707] 0.007071 0.01414] 0.007071 0.00707] 0.007071
Black 0 0 0.00707] 0 0.007071 0.007071 0.00707] 0.007071
D-min 0 0 0 0.00707] 0.007071 0 0 0
% Density Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 100% 100% 100% 100% 100% 100% 99% 99%
Magenta 100% 101% 101% 100% 100% 100% 100% 100%
Yellow 100% 100% 101% 100% 99% 100% 100% 99%
Black 100% 100% 100% 99% 100% 100% 99% 99%
Fuji Pictrography
Fuji 1 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.97 0.94 O.S 0.88 0.8; 0.82 0.8
Maqenta 1 0.96 0.92 0.8" 0.84 0.82 0.7S 0.76
Yellow 1 0.92 0.95 0.92 0.91 0.8S 0.8S 0.85
Black 1 0.9" 0.94 O.S 0.8E 0.85 0.81 0.8
D-min 0.1 0.1 0.1 0.1 0.11 0.1 O.OS O.OS
Fuji 2 Oriqinal 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.9S 0.95 0.92 O.S 0.87 0.82 0.81
Magenta 1 0.96 0.92 0.87 0.85 0.82 0.7S 0.77
Yellow 1 0.97 0.93 0.92 0.8S O.S O.S 0.86
Black 1 0.97 0.94 O.S 0.88 0.85 0.83 0.8
D-min 0.1 0.1 0.1 0.1 0.11 0.1 O.OS O.OS
Average Oriqinal 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.9E 0.945 0.91 0.8S 0.86 0.825 o.8o;
Magenta 1 0.96 0.92 0.87 0.845 0.82 0.7S 0.76;
Yellow 1 0.95 0.94 0.92 0.9 0.895 0.895 0.85;
Black 1 0.97 0.94 0.9 0.88 0.85 0.82 0.8
D-min 0.1 0.1 0.1 0.1 0.11 0.1 O.OS O.OS
STDEV Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 0 0.014142 0.007071 0.014142 0.01414] 0.014142 0.00707] 0.007071
Magenta 0 0 0 0 0.007071 0 0 0.007071
Yellow 0 0.028284 0.014142 0 0.01414; 0.007071 0.007071 0.007071
Black 0 0 0 0 0 0 0.01414] 0
D-min 0 0 0 0 0 0 0 0
% Density- Oriqinal 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 100% 98% 95% 91% 89% 86% 83% 81%
Magenta 100% 96% 92% 87% 85% 82% 79% 77%
Yellow 100% 95% 94% 92% 90% 90% 90% 86%
Black 100% 97% 94% 90% 88% 85% 82% 80%
Canon Color Laser Copier
Canon-clc 1 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.98 0.9S 0.9S 0.9S 0.98 0.98 0.9S
Magenta 1 1.01 1 0.9S 0.9S 0.9S 0.98 0.9S
Yellow 1 1.01 1.01 1 0.9S 0.98 0.96 0.97
Black 1 0.99 1 0.99 1 0.9S 0.9S 1
D-min 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.07
Canon-clc 2 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 1 1.01 1.01 1.01 1 1 1
Magenta 1 1.01 1.01 0.9S 1 0.98 0.9S 0.98
Yellow 1 1.01 1.02 0.9S 0.98 0.95 0.9; 0.94
Black 1 0.9S 0.98 0.98 0.98 0.98 0.98 0.9S
D-min 0.08 0.07 0.08 0.07 0.08 0.08 0.06
0.0"
Average Oriqinal 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.9S 1 1 1 0.9S 0.9S 0.995
Magenta 1 1.01 1.005 0.9S 0.995 0.985 0.98; 0.985
Yellow 1 1.01 1.015 0.995 0.985 0.965 0.95; 0.955
Black 1 0.9S 0.9S 0.985 0.9S 0.985 0.985 0.995
D-min 0.08 0.075 0.08 0.075 0.08 0.08 0.065 0.07
STDEV Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 0 0.014142 0.014142 0.014142 0.014142 0.014142 0.014142 0.007071
Magenta 0 0 0.007071 0 0.007071 0.007071 0.007071 0.007071
Yellow 0 0 0.007071 0.007071 0.007071 0.021212 0.007071 0.02121]
Black 0 0 0.014142 0.007071 0.014142 0.007071 0.007071 0.007071
D-min 0 0.007071 0 0.007071 0 0 0.007071 0
% Density Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 100% 99% 100% 100% 100% 99% 99% 100%
Magenta 100% 101% 101% 99% 100% 99% 99% 99%
Yellow 100% 101% 102% 100% 99% 97% 96% 96%
Black 100% 99% 99% 99% 99% 99% 99% 100%
3M Rainbow
3M-Rainbow 1 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan O.S 0.82 0.75 0.61 0.65 0.6 0.55
Magenta 0.95 O.S 0.87 0.82 0.8 0.76 0.74
Yellow 0.68 0.55 0.47 0.42 0.3! 0.36 0.32
Black 0.92 0.8S 0.85 0.82 0.7S 0.76 0.72
D-min 0.07 0.0' 0.07 0.07 0.06 0.07 0.06 0.07
3M-Rainbow 2 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan O.S 0.82 0.75 0.7 0.64 0.5S 0.55
Magenta 0.94 0.8S 0.85 0.82 0.8 0.76 0.72
Yellow 0.7 0.5; 0.47 0.42 0.3! 0.36 0.32
Black 0.92 0.86 0.82 0.7S 0.76 0.72 0.6S
D-min 0.07 0.07 0.07 0.07 0.08 0.07 0.06 0.07
Average Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan O.S 0.82 0.75 0.69! 0.645 0.595 0.5!
Magenta 0.945 0.895 0.86 0.825 0.E 0.76 0.735
Yellow 0.6S 0.55 0.47 0.425 0.3S 0.36 0.32
Black 0.92 0.87! 0.835 0.805 0.77 0.74 0.705
D-min 0.07 0.07
0.0'
0.07 0.06 0.07 0.06 0.07
STDEV Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 0 0 0 0 0.007071 0.007071 0.007071 0
Maqenta 0 0.00707] 0.00707] 0.01414; 0.007071 0 0 0.00707]
Yellow 0 0.014142 0 0 0.00707] 0 0 0
Black 0 0 0.02121] 0.02121] 0.02121] 0.02121] 0.028284 0.02121:
D-min 0 0 0 0 0 0 0 0
% Density Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 100% 90% 82% 75% 70% 65% 60% 55%
Magenta 100% 95% 90% 86% 83% 80% 76% 74%
Yellow 100% 69% 55% 47% 43% 39% 36% 33%
Black 100% 93% 88% 84% 81% 78% 74% 71%
Epson Inkjet
Epson 1 Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.94 0.92 0.92 O.S O.S 0.9 0.8S
Magenta 1 0.56 0.47 0.37 0.32 0.2S 0.25 0.22
Yellow 1 0.91 0.85 0.7S 0.71 0.6S 0.62 0.6
Black 1 0.85 0.78 0.72
0.6" 0.62 0.5S 0.56
D-min O.OS 0.06 0.06 0.06 0.06 0.07 0.07 0.07
Epson 2 Oriqinal 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.92 0.92 O.S 0.8S 0.8S 0.8S 0.8S
Magenta 1 0.56 0.44 0.38 0.32 0.3 0.26 0.24
Yellow 1 0.91 0.8; 0.77 0.6S 0.6S 0.62 0.5S
Black 1 0.85 0.78 0.72 0.66 0.62 0.58 0.55
D-min O.OS 0.07 0.06 0.06 0.06 0.07
0.0"
0.06
Average Oriqinal 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 1 0.935 0.925 0.91 0.895 0.895 0.895 0.8S
Magenta 1 0.56 0.455 0.375 0.32 0.295 0.255 0.22
Yellow 1 0.91 0.85 0.76 0.7 0.6S 0.625 0.595
Black 1 0.85 0.78 0.72 0.665 0.625 0.585 0.555
D-min 0.09 0.065 0.06 0.06 0.06 0.07 0.07 0.06!
STDEV Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 0 0.007071 0.007071 0.014142 0.007071 0.007071 0.007071 0
Magenta 0 0 0.021212 0.007071 0 0.007071 0.007071 0.014142
Yellow 0 0 0 0.014142 0.014142 0 0.007071 0.007071
Black 0 0 0 0 0.007071 0.007071 0.007071 0.00707]
D-min 0 0.007071 0 0 0 0 0 0.007071
% Density Original 1 week 2 week 3 week 4 week 5week 6 week 7 week
Cyan 100% 94% 93% 91% 90% 90% 90% 89%
Magenta 100% 56% 46% 38% 32% 30% 26% 23%
Yellow 100% 91% 85% 78% 70% 69% 63% 60%
Black 100% 85% 78% 72% 67% 63% 59% 56%
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Appendix E
Equation for Standard Deviation
S= / X"=i
(x,-x)2
n-1
n = number of the observations in the sample.
x = values of the observations
"x = mean of the sample
s = sample standard deviation
Appendix F
101
Appendix F
Graphs for each given printing systems
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Appendix G
Compared Tables and Graphs to Chromagenic Image
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Appendix H
Equation and Results of F-test
F =
s2
s
s2
= variance of sample one
s22 = variance of sample two
If the F value is bigger than 0.006195 and smaller than 161.4, those two samples are
not different with a confidence of 90 percent.
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Appendix I
Equation and Results of Student's f-test
xn-x
t =
/*WS
V n, n2
nj = number of the observations in the sample one.
n2 = number of the observations in the sample two.
x, = mean of the sample one.
x2 = mean of the sample two.
5j = standard deviation of the sample one.
s2 = standard deviation of the sample two.
If the t value is larger than 4.3026 or smaller than - 4.3026, the two samples
are not identical with a confidence of 95 percent.
Cyan Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Cyan Chromagenic Lithography
Variable 1 Variable 2
Mean 0.96 0.98
Variance 0 0.0002
Observations 2 2
Pooled Variance 1E-04
Hypothesized Mean Difference 0
df 2
tStat -2
P(T<=t) one-tail 0.09175171
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.183503419
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Cyan Chromagenic Iris Inkjet
Variable 1 Variable 2
Mean 0.96 0.96
Variance 0 0
Observations 2 2
Pooled Variance 0
Hypothesized Mean Difference 0
df 2
tStat 0
P(T<=t) one-tail #NUM!
t Critical one-tail 2.91998731
P(T<=t) two-tail #NUM!
t Critical two-tail 4.302655725
Cyan Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Cyan Chromagenic HP Inkjet
Variable 1 Variable 2
Mean 0.96 0.765
Variance 0 0.00045
Observations 2 2
Pooled Variance 0.000225
Hypothesized Mean Difference 0
df 2
tStat 13
P(T<=t) one-tail 0.002932577
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.005865153
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Cyan Chromagenic HP Color Laser Printer
Variable 1 Variable 2
Mean 0.96 0.985
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
Hypothesized Mean Difference 0
df 2
tStat -5
P(T<=t) one-tail 0.018874776
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.037749551
t Critical two-tail 4.302655725
Cyan Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Cyan Chromagenic Fuji Pictrography
Variable 1 Variable 2
Mean 0.96 0.805
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
Hypothesized Mean Difference 0
df 2
tStat 31
P(T<=t) one-tail 0.000519481
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.001038961
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Cyan Chromagenic Canon Color Laser Copier
Variable 1 Variable 2
Mean 0.96 0.995
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
Hypothesized Mean Difference 0
df 2
tStat -7
P(T<=t) one-tail 0.009901971
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.019803941
t Critical two-tail 4.302655725
Cyan Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Cyan Chromagenic 3M Rainbow
Variable 1 Variable 2
Mean 0.96 0.55
Variance 0 0
Observations 2 2
Pooled Variance 0
Hypothesized Mean Difference 0
df 2
tStat 65535
P(T<=t) one-tail #NUM!
t Critical one-tail 2.91998731
P(T<=t) two-tail #NUM!
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Cyan Chromagenic Epson Stylus Inkjet
Variable 1 Variable 2
Mean 0.96 0.89
Variance 0 0
Observations 2 2
Pooled Variance 0
Hypothesized Mean Difference 0
df 2
tStat 65535
P(T<=t) one-tail #NUM!
t Critical one-tail 2.91998731
P(T<=t) two-tail #NUM!
t Critical two-tail 4.302655725
Magenta Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Magenta Chromagenic Lithography
Variable 1 Variable 2
Mean 0.9 0.845
Variance 0.0008 5E-05
Observations 2 2
Pooled Variance 0.000425
Hypothesized Mean Difference 0
df 2
tStat 2.667891875
P(T<=t) one-tail 0.058229369
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.116458738
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Magenta Chromagenic Iris Inkjet
Variable 1 Variable 2
Mean 0.9 0.52
Variance 0.0008 0
Observations 2 2
Pooled Variance 0.0004
HypothesizedMean Difference 0
df 2
tStat 19
P(T<=t) one-tail 0.001379313
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.002758626
t Critical two-tail 4.302655725
Magenta Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Magenta Chromagenic HP Inkjet
Variable 1 Variable 2
Mean 0.9 0.47
Variance 0.0008 0.0002
Observations 2 2
Pooled Variance 0.0005
Hypothesized Mean Difference 0
df 2
tStat 19.23018461
P(T<=t) one-tail 0.001346622
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.002693245
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Chromagenic HP Color Laser Printer
Magenta Variable 1 Variable 2
Mean 0.9 1
Variance 0.0008 0
Observations 2 2
Pooled Variance 0.0004
Hypothesized Mean Difference 0
df 2
tStat -5
P(T<=t) one-tail 0.018874776
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.037749551
t Critical two-tail 4.302655725
Magenta Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Magenta Chromagenic Fuji Pictrography
Variable 1 Variable 2
Mean 0.9 0.765
Variance 0.0008 5E-05
Observations 2 2
Pooled Variance 0.000425
HypothesizedMean Difference 0
df 2
tStat 6.548461876
P(T<=t) one-tail 0.011267185
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.022534371
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Magenta Chromagenic Canon Color Laser Copier
Variable 1 Variable 2
Mean 0.9 0.985
Variance 0.0008 5E-05
Observations 2 2
Pooled Variance 0.000425
Hypothesized Mean Difference 0
df 2
tStat -4.123105626
P(T<=t) one-tail 0.027047349
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.054094697
t Critical two-tail 4.302655725
Magenta Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Magenta Chromagenic 3M Rainbow
Variable 1 Variable 2
Mean 0.9 0.735
Variance 0.0008 5E-05
Observations 2 2
Pooled Variance 0.000425
Hypothesized Mean Difference 0
df 2
tStat 8.003675626
P(T<=t) one-tail 0.007627186
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.015254371
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Yellow Chromagenic Epson Stylus Inkjet
Variable 1 Variable 2
Mean 0.9 0.23
Variance 0.0008 0.0002
Observations 2 2
Pooled Variance 0.0005
HypothesizedMean Difference 0
df 2
tStat ! 29.9633109
P(T<=t) one-tail 0.000555988
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.001111976
t Critical two-tail 4.302655725
Yellow Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Yellow Chromagenic Lithography
Variable 1 Variable 2
Mean 0.97 0.49
Variance 0 0.0002
Observations 2 2
Pooled Variance 0.0001
HypothesizedMean Difference 0
df 2
tStat 48
P(T<=t) one-tail 0.000216873
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.000433745
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Yellow Chromagenic Iris Inkjet
Variable 1 Variable 2
Mean 0.97 0.435
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
HypothesizedMean Difference 0
df 2
tStat 107
P(T<=t) one-tail 4.36662E-05
t Critical one-tail 2.91998731
P(T<=t) two-tail 8.73324E-05
t Critical two-tail 4.302655725
Yellow Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Yellow Chromagenic HP Inkjet
Variable 1 Variable 2
Mean 0.97 0.66
Variance 0 0.0008
Observations 2 2
Pooled Variance 0.0004
HypothesizedMean Difference 0
df 2
tStat 15.5
P(T<=t) one-tail 0.002068261
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.004136522
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Yellow Chromagenic HP Color Laser Printer
Variable 1 Variable 2
Mean 0.97 0.985
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
Hypothesized Mean Difference 0
df 2
tStat -3
P(T<=t) one-tail 0.047732983
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.095465966
t Critical two-tail 4.302655725
Yellow Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Yellow Chromagenic Fuji Pictrography
Variable 1 Variable 2
Mean 0.97 0.855
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
Hypothesized Mean Difference 0
df 2
tStat 23
P(T<=t) one-tail 0.000942508
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.001885016
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Yellow Chromagenic Canon Color Laser Copier
Variable 1 Variable 2
Mean 0.97 0.955
Variance 0 0.00045
Observations 2 2
Pooled Variance 0.000225
HypothesizedMean Difference 0
df 2
tStat 1
P(T<=t) one-tail 0.211324865
t Critical one-tail 2.91998731
P(T<=t) two-tail 0422649731
t Critical two-tail 4.302655725
Yellow Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Yellow Chromagenic 3M Rainbow
Variable 1 Variable 2
Mean 0.97 0.33
Variance 0 0
Observations 2 2
Pooled Variance 0
Hypothesized Mean Difference 0
df 2
tStat 65535
P(T<=t) one-tail #NUM!
t Critical one-tail 2.91998731
P(T<=t) two-tail #NUM!
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Yellow Chromagenic Epson Stylus Inkjet
Variable 1 Variable 2
Mean 0.97 0.605
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
Hypothesized Mean Difference 0
df 2
tStat 73
P(T<=t) one-tail 9.37998E-05
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.0001876
t Critical two-tail 4.302655725
Black Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Black Chromagenic Lithography
Variable 1 Variable 2
Mean 0.88 0.96
Variance 0 0.0002
Observations 2 2
Pooled Variance 1E-04
Hypothesized Mean Difference 0
df 2
tStat -8
P(T<=t) one-tail 0.007634036
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.015268072
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Black Chromagenic Iris Inkjet
Variable 1 Variable 2
Mean 0.88 0.445
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
Hypothesized Mean Difference 0
df 2
tStat 87
P(T<=t) one-tail 6.60458E-05
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.000132092
t Critical two-tail 4.302655725
Black Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Black Chromagenic HP Inkjet
Variable 1 Variable 2
Mean 0.88 0.985
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
Hypothesized Mean Difference 0
df 2
tStat -21
P(T<=t) one-tail 0.001129945
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.00225989
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Black Chromagenic HP Color Laser Printer
Variable 1 Variable 2
Mean 0.88 0.985
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
Hypothesized Mean Difference 0
df 2
tStat -21
P(T<=t) one-tail 0.001129945
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.00225989
t Critical two-tail 4.302655725
Black Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Black Chromagenic Fuji Pictrography
Variable 1 Variable 2
Mean 0.88 0.8
Variance 0 0
Observations 2 2
Pooled Variance 0
Hypothesized Mean Difference 0
df 2
tStat 65535
P(T<=t) one-tail #NUM!
t Critical one-tail 2.91998731
P(T<=t) two-tail #NUM!
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Black Chromagenic Canon Color Laser Copier
Variable I Variable 2
Mean 0.88 0.995
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
HypothesizedMean Difference 0
df 2
tStat -23
P(T<=t) one-tail 0.000942508
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.001885016
t Critical two-tail 4.302655725
Black Colorant T Test
t-Test: Two-Sample Assuming Equal Variances
Black Chromagenic 3M Rainbow
Variable 1 Variable 2
Mean 0.88 0.705
Variance 0 0.00045
Observations 2 2
Pooled Variance 0.000225
Hypothesized Mean Difference 0
df 2
tStat 11.66666667
P(T<=t) one-tail 0.003633476
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.007266951
t Critical two-tail 4.302655725
t-Test: Two-Sample Assuming Equal Variances
Black Chromagenic Epson Stylus Inkjet
Variable 1 Variable 2
Mean 0.88 0.555
Variance 0 5E-05
Observations 2 2
Pooled Variance 2.5E-05
Hypothesized Mean Difference 0
df 2
tStat 65
P(T<=t) one-tail 0.000118301
t Critical one-tail 2.91998731
P(T<=t) two-tail 0.000236602
t Critical two-tail 4.302655725
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